ABSTRACT Background: Bovine viral diarrhoea virus (BVDV) is a member of the genus Pestivirus that belongs to the family Flaviviridae. BVDV is found worldwide in cattle population and causes significant economic losses to the dairy and beef industries. Two distinct genotypes of BVDV exist: BVDV type 1 (BVDV-1) and BVDV type 2 (BVDV-2). Objective: The aim of the present study was to investigate retrospectively the presence of BVDV-2 in Spain.
INTRODUCTION

Bovine viral diarrhoea virus (BVDV) is included in the genus
Pestivirus of the family Flaviviridae. BVDV is found worldwide in cattle population and causes substantial economic losses, mainly due to its impact on health and reproduction (Fray and others 2000) . Early embryonic death, mummification, congenital defects or abortion are possible consequences of infection during pregnancy. Moreover, fetuses infected during the first 120 days of gestation with noncytopathic strains can develop immunotolerance and become lifelong carriers of the virus. These persistently infected (PI) animals are a continuous source of virus and play a major role in the spread of the disease. In those regions with a high prevalence of BVDV antibodies, over 1-2 per cent of the newborn calves may be PI (Houe 1999) . Mucosal disease, a severe and fatal clinical form of BVDV infection, may develop in these PI animals in case of superinfection with cytopathic (cp) strains. Infection of a healthy adult is usually subclinical, and the main consequences are decrease in reproductive function and immunosuppression.
Nevertheless, nonspecific symptoms such as pyrexia or diarrhoea may be reported. A decrease in milk yield has also been described in lactating cows. In addition, the immunosuppressive effect of the virus probably plays an important role in calf respiratory disease complex (Howard 1990) .
Two genotypes of BVDV (BVDV-1 and BVDV-2) have been differentiated using serology (monoclonal and polyclonal antisera) and molecular biology (Ridpath 2003) . Additionally, subtypes of the two genotypes have also been described others 2001, Ridpath 2003) . Recently published reverse transcription-PCR (RT-PCR) methods facilitate typing BVDV at the genotype level directly from blood samples of PI cattle (Gilbert, and others 1999 , Letellier and Kerkhofs 2003 , Baxi and others 2006 . BVDV-2 has been associated with severe clinical disease in adult cattle and with a haemorrhagic syndrome in young animals (Carman and others 1998) . This pestivirus genotype would appear to be more prevalent in North America (Fulton and others 2005) , although it has been also described in other European (Letellier and others 1999 , Luzzago and others 2001 , Tajima and others 2001 , Jackova and others 2008 and Asiatic (Nagai and others 1998) countries. In the past two years, a severe form of BVDV-2 with high mortality has been reported initially in Germany and later in the Netherlands (Schirrmeier 2014) . Previous studies showed that the BVDV-1b subtype was predominantly circulating in the cattle population in Spain; at that time no evidence for the presence of BVDV-2 was found others 2003, Hurtado and others 2003) .
METHODS
A total of 47 bovine blood samples BVDV positive by ELISA (BVD Ag Serum Plus, IDEXX) were included in the study. Samples had been submitted to the diagnostic service of NEIKER between 2012 and 2013 from 18 different cattle herds located in Northern Spain. Some clinical and epidemiological data were also recorded by the practitioners. ELISA results were confirmed with a highly sensitive real-time RT-PCR assay (Hofmann and others 2006) .
A previously published one-step multiplex real-time RT-PCR for BVDV was used to characterise positive samples (Baxi and others 2006) . This protocol allows a discrimination of the two genotypes BVDV-1 and BVDV-2 in the same assay. To set up the method BVDV-1 positive controls were obtained from the Veterinary Laboratory Agencies (UK), and those of the BVDV-2 were kindly supplied by Dr Meyers from the Friedrich-Loeffler Institute (Germany).
Briefly, total nucleic acid was extracted from blood samples (200 µl) using the QIAamp DNA Blood Mini Kit (Qiagen) following the manufacturer's recommendations but with the following modification: 1 µg of RNA carrier (Qiagen) was added to the buffer AL. Extracted RNA was eluted with 80 µl of RNase free water and stored at −70°C until needed. Real-time RT-PCR testing was performed in a final volume of 25 µl containing 1X One Step RT-PCR Buffer III, 0.5 µl of TaKaRa Ex Taq HS (HotStart Taq DNA polymerase), 0.5 µl of Primer Script RT enzyme Mix II (recombinant MMLV enzyme), 0.5 µl of Rox Dye II, 400nM of each PCR primer and 100 nM of the fluorescent probes (FAM-BVDV-1 and Cy5-BVDV-2). Before amplification, the RNA was transcribed at 42°C for 5 minutes. This was followed by one cycle of 94°C for 10 seconds for activation of the TaKaRa Ex Taq HS and inactivation of reverse transcriptase. Cycle times were as follows: 45 cycles of denaturation at 94°C for 5 seconds and of annealing and extension at 62°C for 34 seconds.
For genomic confirmation of BVDV-2 isolates, a 288 bp fragment from the 5 0 untranslated region (5 0 UTR) of the genome was amplified using primers 324 and 326 as described previously (Vilcek and others 1994) . Purified amplicons were sequenced in both directions using the Big Dye Terminator V.3.1 Cycle Sequencing Kit (Applied Biosystems) and the ABI 3130 sequencer, as per manufacturer's recommendations. Sequence consensus was assembled using BioEdit V.7.2.5 software (Hall 1999) . Primer sequences were clipped from each consensus before phylogenetic analysis conducted using MEGA 6 program (Tamura and others 2013). The sequence obtained was compared with those deposited in GenBank using the BLAST software. 5 0 UTR sequences were imported into MEGA 6 and sequence alignments performed using ClustalW. Phylogenetic tree was constructed using the Neighbourjoining Kimura 2 parameter method (Kimura 1980) . Bootstrap analysis of the resultant tree was performed using 1000 replicates. Bootstrap values of over 70 per cent are shown (Hillis and Bull 1993) . The sequences included in the phylogenetic analysis were as follows: BVDV-1a (NADL-M31182, SD1-M96751); BVDV-1b (Osloss-M96687); BVDV-2b (Soldan-U94914, 17237-EU747875); and BVDV-2a (890-U18059, 1373-AF145967, 4 5174-AF298063, 15 103-AF298055, 37Gr-EU327594, 104/98-AJ304381, B91/05-EU224242, HI749-AY379543, HI917-AY379545, SH28-HQ258818, i61380-AF417986, 53100-FJ431190, 108KL/13-KJ616408, 111KL/13-KJ613410).
RESULTS
The 18 herds included in the study were located in the northern half of Spain. A higher number of samples came from dairy herds (35) than from beef herds (12). Clinical problems reported by practitioners in the 18 affected herds were as follows: reproductive disease (8); mucosal disease (3); calf mortality (2); no disease, samples taken as part of a control programme for BVDV (4) and not reported (1). Thrombocytopenia, haemorrhages or other clinical signs attributed to highly virulent strains of BVDV were not reported in any of the cases.
All 47 samples selected for being positive in the antigen ELISA were confirmed by the highly sensitive RT-PCR assay. As regards RT-PCR typing results, 45 of the 47 samples were typed as BVDV-1, 1 as BVDV-2 (strain 2406-2/12; Ct value: 33.9), and in the one remaining sample both pestivirus genotypes were detected (Ct value: 37.4). Sequencing of the PCR product of strain 2406-2/12 confirmed the identity of BVDV-2 (Fig 1) .
The 5 0 UTR sequence for sample 2406-2/12 was submitted for a BLAST search using the blast algorithm of National Center for Biotechnology Information. It shared a 100 per cent identity to the strains 104/98 and 111-KL/13 isolated in Germany and Poland, respectively.
The phylogenetic tree constructed from 5 0 -UTR nucleotide sequences of selected BVDV-1 and BVDV-2 strains indicated that the strain 2406-2/12 was classified as BVDV-2a together with some isolates from Germany, France and Poland (Fig 1) . The nucleotide sequence identity of the strain 2406-2/12 was closer related to the strain 890 (93 per cent) than to the BVDV-1 reference NADL and Osloss strains (76 per cent and 77 per cent, respectively).
DISCUSSION
BVDV is found worldwide and causes considerable economic losses to the cattle industry, mainly due to its impact on reproduction. In a serological survey conducted in Asturias (North Spain), 86 per cent of the herds and 21 per cent of the animals were BVDV antibody positive (Mainar-Jaime and others 2001). More recently, 95 and 41 BVDV isolates were obtained from Spanish cattle herds, thus confirming that the virus is widespread in this country others 2003, Hurtado and others 2003) . In Spain BVDV-1b is the most prevalent subtype, as occurs in the USA and other European countries others 2013, Yan and others 2011) . No evidence of BVDV-2 was found, suggesting either a very low prevalence or its absence. In the present study, 2 of the 47 isolates were identified as BVDV-2. As far as the authors are aware, this is the first detection of BVDV-2 in Spain. BVDV-2 was first reported in the USA (Ridpath, and others 1994) , and later in other European countries, although at a lower rate than BVDV-1, except in Germany (Wolfmeyer and others 1997) where a prevalence >10 per cent was reported. Recently, the first report of BVDV-2 in Poland has been published (Polak and others 2014) . Due to the low number of isolates analysed in the present study, it is not possible to determine with exactitude the prevalence of BVDV-2 in Spain. In consequence, further work is needed to establish the real extension of this pestivirus in Spanish cattle herds and the possible clinical consequences. Interestingly, one of the animals harboured both genotypes BVDV-1 and BVDV-2, indicating a mixed infection. In this case, sequencing was not performed due to the interference of the two peaks in the chromatogram. Dual infections have also been reported by others (Yan and others 2011) . A superinfection of a PI animal with a different genotype could be an explanation for this finding.
The clinical symptoms reported in the herds of origin are consistent with BVDV infection. Reproductive signs were reported with a higher frequency. This is scarcely surprising as BVDV infection in pregnant cattle can result in early embryonic death, abortion, mummification or congenital defects. No clinical signs suggestive of an infection with highly virulent strains of BVDV were reported by any of the practitioners. This is consistent with the fact that most acute infections with either pestivirus genotype, BVDV-1 or BVDV-2, result in mild or subclinical disease (Ridpath 2003) .
Both BVDV-2 infected animals originated from Asturias, an area with a high density of dairy herds. Apparently, both animals were clinically normal at the time of sampling. Trade in animals is one of the main risk factors for the entrance of BVDV infection (Houe 1999) and could also be the source in these cases. Control programmes based exclusively on testing and culling of PI animals were initiated in Nordic countries some years ago (Houe and others 2006) . In other European countries, vaccination with killed or modified-live vaccines is a common practice to control BVDV infection. At present, there is not a countrywide control programme of BVDV in Spain. A globalised world with trade in animals, embryos and semen can favour the spread of viruses such as BVDV if biosecurity measures are not taken. In this scenario, knowledge of BVDV diversity is the first step towards understanding the epidemiology of the infection and towards the design of efficient diagnostic tests and vaccines (Hamers and others 2001) . As for diagnostic tests, the two tests used in this study, antigen ELISA and RT-PCR, demonstrated perfect concordance (47/47). Therefore, both appear adequate for detecting BVDV infections in blood samples. BVDV vaccines available in Spain only contain BVDV-1. It has been reported that there are differences in the antigenic structure of both pestivirus genotypes BVDV-1 and BVDV-2, even at the subtype level (Ridpath and others 2010) . Although several studies have demonstrated some degree of cross-immunity, better fetal protection is to be expected when a strain of the same genotype is used (Walz 2009 ). In a recent study, a vaccine containing BVDV-1 did not protect against a BVDV-2 infection (Polak and others 2014) . The development of safe and efficacious vaccines with viruses from all antigenic groups has been identified as a priority (Hamers and others 2001) in order to implement control programmes of BVDV based on the vaccination of naive cattle.
CONCLUSION
It is reported in the present study, for the first time, the identification of BVDV-2 in Spanish cattle herds. Further work is required to determine the real prevalence of this pestivirus and the practical implications with regard to the diagnosis and control of BVDV infection in Spanish cattle population.
